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Chocé, Colombia: a hotspot of human biodiversity

El Chocd, Colombia: un hotspot de la biodiversidad humana

Camila Medrano-Trochez®, Augusto Valderrama-Aguirre>*, Fredrik O. Vannberg®,
Leonardo Mariiio-Ramirez>%’, 1. King Jordan>*’

Abstract

Objective: Chocd is a state located on the Pacific coast of Colombia that has a majority Afro-Colombian
population. The objective of this study was to characterize the genetic ancestry, admixture and diversity
of the population of Chocé, Colombia. Methodology: Genetic variation was characterized for a sample
of 101 donors (61 female and 40 male) from the state of Chocd. Genotypes were determined for each
individual via the characterization of 610,545 single nucleotide polymorphisms genome-wide. Haplotypes
for the uniparental mitochondrial DNA (female) and Y-DNA (male) chromosomes were also determined.
These data were used for comparative analyses with a number of worldwide populations, including pu-
tative ancestral populations from Africa, the Americas and Europe, along with several admixed American
populations. Results: The population of Chocé has predominantly African genetic ancestry (75.8%) with
approximately equal parts European (13.4%) and Native American (11.1%) ancestry. Choco shows relatively
high levels of three-way genetic admixture, and far higher levels of Native American ancestry, compared to
other New World African populations from the Caribbean and the United States. There is a striking pattern
of sex-specific ancestry in Chocd, with Native American admixture along the female lineage and European
admixture along the male lineage. The population of Chocd is also characterized by relatively high levels
of overall genetic diversity compared to both putative ancestral populations and other admixed American
populations. Conclusion: These results suggest a unique genetic heritage for the population of Choco
and underscore the profound human genetic diversity that can be found in the region.

Keywords: Admixture, Afro-Colombian, Colombia, Genetic ancestry, Genetic diversity, Human genome.

Resumen

Objetivo: El Chocé es un departamento situado en la costa pacifica colombiana cuya poblacion es may-
oritariamente afrocolombiana. El objetivo de este estudio fue caracterizar la ancestralidad, el mestizaje
y la diversidad genética de la poblacion del Chocé colombiano. Metodologia: La variacion genética se
caracterizé en una muestra de 101 donantes (61 mujeres y 40 hombres) del departamento del Chocé. Los
genotipos se determinaron para cada individuo a través de la caracterizacion de 610,545 polimorfismos
de nucleétido unico distribuidos en todo el genoma. También se determinaron los haplotipos de los ADNs
uniparentales: ADN mitocondrial (materno) y cromosoma Y (paterno). Estos datos se utilizaron para analisis
comparativos en una serie de poblaciones de todo el mundo, incluyendo poblaciones ancestrales puta-
tivas de Africa, América y Europa, ademas de varias poblaciones mestizas americanas. Resultados: La
poblacién del Chocé tiene una ancestralidad genética predominantemente africana (75,8%), con aportes
similares de ancestralidad europea (13,4%) y de nativos americanos (11,1%). La poblacion analizada del
Choco tiene niveles relativamente altos de mestizaje triple y niveles mucho mas altos de ancestralidad
nativa americana, en comparacién con otras poblaciones afrodescendientes del nuevo mundo, localizadas
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en el Caribe y los Estados Unidos. Hay un patrén fuerte
de ancestralidad sexo-especifica en el Chocd, con un
mestizaje predominantemente nativo americano en el linaje
femenino y europeo en el linaje masculino. La poblacién
del Chocé también se caracteriza por niveles relativamente
altos de diversidad genética global en comparaciéon con
las poblaciones ancestrales putativas y otras poblaciones
mestizas americanas. Conclusién: Estos resultados su-
gieren un patrimonio genético Unico para la poblacion del
Chocd y subrayan la profunda diversidad genética humana
que se puede encontrar en la region.

Palabras clave: Afrocolombianos, Ancestralidad
genética, Colombia, Diversidad genética,
Genoma humano, Mestizaje.

Introduction

Choco, Colombia. Choco 1s a Colombian admin-
istrative department (i.e., a state) located along the
country’s Pacific coast (Figure 1A). Chocd ranges
from the Panamanian border in the north to the
Cauca Valley in the southwest region of Colombia.
The state of Choco is recognized worldwide as a
hotspot of biodiversity (http://www.eoearth.org/view/
article/150631/). A biodiversity hotspot is defined as
a specific geographic region with a large amount of
endemic biodiversity that is threatened by human
activity (Zachos and Habel 2011). In order for an area
to be officially recognized as a biodiversity hotspot,
at least 0.5% of its vascular plant species (or 1,500
species) must be characterized as endemics, which
are defined as species found uniquely within a pro-
scribed geographic region or habitat type. There are
25 global regions that qualify as biodiversity hotspots
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according to this criterion, and together these areas
are home to almost 60% of the world’s known species
of plants, birds, reptiles, amphibians and mammals.
The entire area of Choc¢ is contained within the
so-called Chocé-Darién biodiversity hotspot, also
known as the Tumbes-Choc6-Magdalena biodiversity
hotspot (http://tmalliance.org/about/where-we-work/
biodiversity-hotspot/).

The Chocoé-Darién biodiversity hotspot extends
along the Pacific coast from the Panama Canal region
in the north, through the Darién Gap and Choco wet
rain forests in Panama-Colombia, passing completely
through Ecuador before ending in the coastal dry
forests of northern Pert. This area encompasses a
wide variety of diverse habitats including the wettest
rain forests in the world, which are found in Chocé.
The Colombian portion of this biodiversity hotspot
in Choc¢ is relatively preserved compared to the
Ecuadorean zone where 98% of the native forest has
been cleared. The Choco-Darién biodiversity hotspot
supports ~10,000 species of vascular plants along
with 600 species of birds, 235 species of mammals,
350 species of amphibians and 210 species of reptiles.

Human biodiversity in Choco. Although Choco
is widely recognized as a hotspot of biodiversity, one
critical aspect of the region’s biodiversity remains
largely unexplored, the diversity of its human pop-
ulation (Figure 1B). The population of Choco has
a uniquely African genetic heritage with admixture
from the Americas and Europe. The vast majority of
the population is Afro-Colombian (82.1%) but there
are also substantial numbers of Native Americans

Figure 1. Human biodiversity in Chocé. (A) The state of Choco on the Pacific coast of Colombia. (B) The people of Chocé.
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(12.7%) and individuals with primarily European
ancestry (5.2%) (Hernandez Romero 2005). There are
anywhere from 9 to 20 million Afro-descendants in
Colombia, making it the country with the third most
Afro-descendants in the Americas. Despite the pres-
ence of such a large population of Afro-descendants
in Colombia, there is a vast under-representation of
genetic studies of Afro-Colombians (Rishishwar ez a/.
2015a). Previous Colombian genetic ancestry studies
have dealt mainly with Mestizo genomes that have
primarily European and secondary Native American
ancestry (Carvajal-Carmona et al. 2000, Carva-
jal-Carmona et al. 2003, Bedoya et al. 2006, Wang
et al. 2008, Bryc et al. 2010, Cérdoba et al. 2012,
Ruiz-Linares et al. 2014, Rishishwar et al. 2015b).
Given the high percentage of Afro-Colombians living
in Chocd, genetic studies of this population are ideally
suited to uncover the as yet untapped African dimen-
sion of Colombian ancestry and human biodiversity.

Colombian individuals have three-way genetic
admixture patterns that result from ancestral contri-
butions to the modern population from Africa, the
Americas and Europe (Rishishwar et al. 2015b). The
story of every Colombian’s ancestry, along with their
specific admixture patterns, is written in the sequence
of their genome. Thus, genome sequence analysis
can be used to infer genetic ancestry and admixture
patterns for individuals and for the population as a
whole. For individuals, the total overall proportions
of African, Native American and European ancestry
can be inferred along with both locus-specific and
sex-specific patterns of ancestry and admixture.
Genetic ancestry can be explored at both the conti-
nental level to uncover the broad regions of origin
for Colombians and at the sub-continental level to
explore the specific ancestral regions and countries
from which individuals’ ancestors originate. At the
population level, locus-specific admixture patterns
can reveal whether natural selection has enriched for
specific ancestry along particular genomic segments.
Population level inference can also be used to assess
whether there are sex-specific differences in ancestry
that result from differential ancestry contributions
along maternal versus paternal lineages. These kinds
of genomic research approaches will be applied in
order to elucidate the patterns of genetic ancestry
and admixture of the population of Choco under the
auspices of a newly formed collaborative research
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project ChocoGen (http://www.chocogen.com/).

ChocoGen project. An exploration of human
genetic biodiversity in Choc¢6 is being conducted
via the collaborative ChocoGen research project in
an effort to value, conserve and utilize this precious
resource. The ChocoGen research project has two
overarching goals:

1) to characterize the genetic diversity and ancestry
of the population of Choco, and

2) to create a health profile of the region based on
the genetic diversity of its people.

Research and development activities in support
of both of these goals are being conducted in such
a way as to develop the local human capacity in
Choc¢ for research and education in genetic health
and medicine. This project is a collaboration between
Universidad Tecnologica del Choco (UTCH) in Co-
lombia, principle investigator Dr. Miguel A. Medina
Rivas, and the Georgia Institute of Technology in
the USA, principle investigator Dr. 1. King Jordan.
Bioinformatics analysis and interpretation of human
genome sequences from the population of Choc6 are
being further supported by the National Center for
Biotechnology Information (NCBI) in the USA, and
the Colombian National Center for Bioinformatics
and Computational Biology (BIOS) in Manizales.

Researchers from the ChocoGen project are
conducting analysis of genomic sequences sampled
from volunteers from the population of Chocé to
characterize:

1) their genetic ancestry,

2) the quantity and nature of genetic admixture be-
tween ancestral populations, and

3) the possible relationship between genetic ancestry,
admixture and determinants of health and disease.

The results of this project will serve as a resource
for the development and application of genetic
approaches to healthcare in the Pacific region of
Colombia and help to position UTCH as a leader
in this area of applied research. In this report, we
present results of the first round of analyses of the
genetic ancestry of 101 individuals sampled from the
population of Choco.
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Methodology

Sample donors and genotyping. ChocoGen vol-
unteer DNA sample donors were recruited at UTCH.
Donors were selected in an effort to include repre-
sentative samples of different geographic regions of
Chocé (Atrato, Baudo, Atlantic coast, Pacific coast,
San Juan), as well as an approximately equal rep-
resentation of males and females, and donors were
asked to self-identify their ethnic origins. Donors
contributed DNA using a non-invasive saliva sam-
pling method. All donors signed informed consent
documents indicating their understanding of the po-
tential risks of the project along with how their data
would be handled and how their identity would be
protected. Collection, genotyping and comparative
analyses of human DNA samples were conducted
with the approval of the ethics committee of UTCH.
Donor DNA samples were genotyped using the
[llumina HumanOmniExpress-24 single nucleotide
polymorphism (SNP) chip.

Comparative genomic data sources. The geno-
types of ChocoGen donors were compared to whole
genome sequence data from the 1000 Genomes
Project (1000G) (Genomes Project et al. 2010, Ge-
nomes Project ef al. 2015) and genotype data from
the Human Genome Diversity Project (HGDP) (Cann
etal 2002, Liet al. 2008) (Table 1). Genotypes from
the ChocoGen donors, along with genotypes from
the 1000G and HGDP projects, were all mapped to
the coordinate space of the February 2009 human
genome reference sequence version GRCh37/hgl9
(Lander et al. 2001, Kent ef al. 2002) for subsequent
analysis. The program PLINK (Purcell et al. 2007)
was used for genotype quality control and to extract
autosomal genotyped positions (i.e., single nucleo-
tide polymorphisms or SNPs) common to all three
genotype sources to yield a final merged genotype
dataset. For quality control, only individual SNP
positions with a genotyping rate >98% were retained
for subsequent analysis.

Ancestry and admixture inference. The program
PLINK was used to prune the final merged genotype
dataset by removing correlated sets of SNPs. Genom-
ic distances were computed as pairwise allele sharing
distances between all individual pruned genotypes
using PLINK. The resulting pairwise distance matrix
was projected onto two-dimensions with principal

Medina-Rivas MA et al.

component analysis (PCA) using the prcomp function
from the R package for statistical computing (Team
2008). The program ADMIXTURE (Alexander et
al. 2009) was run on the genotype dataset to infer
individual ancestry components. The resulting data
was used with the nnls package from R to implement
a non-negative least squares method to estimate the
fractions of African, Native American and European
ancestry for each individual from Chocd. For each
individual, the entropy (H) of the admixture was
calculated as

H =33, —p; xlog (p;)

where p, is the ancestry fraction for population
i. Sex-specific ancestry in the population of Chocé
was determined via analysis of uniparental haplo-
types: mitochondrial DNA (mtDNA) for the maternal
lineage and Y chromosomal DNA (Y-DNA) for the
paternal lineage.

The relative genetic diversity levels of the pop-
ulations analyzed here were measured via the total
amount of observed pairwise allele sharing distance
and genome-wide heterozygosity. The total amount
of observed pairwise allele sharing distance within
each population was computed by fitting a mini-
mum spanning ellipse to the individual genotype
points of the population projected onto the first two
principal components of the PCA analysis using
the ellipsoidhull function in R. The areas (4) of the
population-specific ellipses were computed using the
lengths of the major (x) and minor (y) axes scaled to
the principal component weights:

A =1(0.665  x)(0.060 * y)

Heterozygosity was measured as the fraction of
all genotype positions that are heterozygous within
an individual using the program PLINK. To do this,
we analyzed SNPs with minor allele frequency >25%
in order allow for comparison between SNPs called
from genome sequences versus SNPs called from
genotype arrays, which are biased to high minor allele
frequencies and European populations.

Results and discussion
Genetic characterization of the population of

Choco. Volunteer DNA sample donors were solicited
on the main campus of UTCH located in the capital
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city of Quibdo; 101 volunteers (61 females and 40
males) provided DNA samples for genetic character-
ization along with answers to a series of questions
related to their ethnic self-identity and family history.
DNA samples were characterized in order to deter-
mine the specific identity of genetic sequence variants
at 610,545 loci across the genome. Genetic variants
are referred to here as single nucleotide polymor-
phisms (SNPs), and the specific identity of the DNA
sequence residues that correspond to a genome-wide
collection of SNPs is referred to as a genotype. The
specific identify of the DNA sequence residues for
a set of genetically linked SNPs is referred to as a
haplotype. For the purposes of this study, donors’
genotypes were characterized for the entire set of
human autosomes, and haplotypes were determined
for uniparental mitochondrial DNA (mtDNA) and
Y-DNA chromosomes. Choco genotypes were com-
pared to genotypes for a variety of human populations
(Table 1), in order to make inferences about the ge-
netic ancestry and diversity of the population. Chocé
mtDNA and Y-DNA haplotypes were compared to
known global distributions for haplotypes of these
chromosomes in order to make inferences about fe-
male-specific (mtDNA) and male-specific (Y-DNA)
genetic ancestry of the population.

Genetic ancestry and admixture of Choco. The
Colombian population has a mixture of genetic ances-
try from African, European and Native American pop-

Table 1. Human populations analyzed in this study*
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ulations, owing to the historical patterns of conquest
and colonization in the New World (Markham 1912,
Mann 2013). Thus, Choco genotypes were compared
to genotypes characterized from individuals sampled
from representative populations of these regions (Ta-
ble 1) in order to infer their overall genetic ancestry
and admixture. The genetic relationships among in-
dividuals from the population of Choc6, along with
individuals from the other global populations, are
visually represented in Figure 2A. This panel shows a
two-dimensional principal component analysis (PCA)
projection of the pairwise genetic distances between
all of the genotypes analyzed here, where the distance
between each dot corresponds to the distance between
each individual genotype. The main component of
human genetic diversity in this representation is pro-
jected along the x-axis (PC1=66.5% of the diversity)
and the secondary component is shown on the y-axis
(PC2=6%). African, European and Native American
populations occupy the three poles of human genetic
diversity in this plot, whereas admixed American ge-
nomes, including Chocé (CHO) individuals, occupy
intermediate positions between these three ancestral,
and relatively non-admixed, population groups. The
relative positions of the admixed American popula-
tions compared to the three ancestral groups gives
an indication of their admixture proportions. For
example, the Colombian population from Medellin
(CLM) shows evidence of more European admixture

Dataset Color Short Full Description n
Non-admixed Ancestral Populations
. LWK Luhya in Webuye, Kenya 99
1000G African s
(n=292) MSL Mende !n Sierra Leo.ne . 85
- YRI Yoruba in Ibadan, Nigeria 108
1000G European GBR British in England and Scotland 91
(n=198) IBS Iberian Population in Spain 107
. . KRT Karitiana in Brazil 24
HGDP Native American PMA  Pima in Mexico 25
(n=70) .. .
SUR Surui in Brazil 21
Admixed American Populations
X . ACB African Caribbean in Barbados 96
;l::)stll-\;imlxed American ASW Americans of African Ancestry in SW USA 61
CLM Colombians from Medellin, Colombia 94
Chocé (n=101) ! CHO Colombians from Chocd, Quibdd, Colombia 101

* The sources of the data-1000 Genomes Project (1000G) or Human Genome Diversity Project (HGDP) -are shown along with the population color codes,
short abbreviations, full descriptions and numbers (n) of individuals analyzed. Populations are organized according to whether they represent non-admixed
ancestral populations from Africa, Europe and the Americas or admixed American populations from the Caribbean, USA and Colombia. Chocé refers to

the population sample studied here.
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Figure 2. Genetic ancestry and admixture in Chocé. (A) PCA plot showing the genetic relationships among individuals
from different human populations compared to the population of Chocé. Each dot corresponds to a single individual, and
the distances between dots correspond to the genetic distances between individuals. Populations are colored coded and
labeled as shown in Table 1; individuals from Choco are labeled with CHO and shown in purple. The principal components
are labeled (PC1 and PC2) and shown along with the amounts of genetic variation captured by each component. (B)
Admixture bar chart showing the percentage of African (blue), European (orange) and Native American (red) ancestry
for each individual from population of Chocé. (C) Chocd population-average values for African (blue), European (orange)

and Native American (red) ancestry.

compared to the Choco population, which is located
in much closer proximity to the African populations.
Two other New World African populations (ACB
and ASW) are also located in close proximity to
the putative ancestral populations from the African
continent, but occupy different positions than the
Chocé population.

These same pairwise genetic distances can be
used to quantify the amount of genetic ancestry that
any admixed individual shows from the putative
ancestral African, European and Native American

populations. The results of this kind of analysis are
shown in Figure 2B and 2C. African ancestry rep-
resents the dominant admixture component for the
vast majority of individuals from the population of
Choc6 analyzed here. The maximum fraction of Af-
rican ancestry seen for any individual is 92.8%, and
the average African ancestry for Choco population is
75.8%. Nevertheless, there are substantial fractions
of European and Native American ancestry seen for
many of these individuals as well. The maximum
fraction of European ancestry seen for any individ-
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Figure 3. Distinct admixture characteristics of Chocd. Admixture patterns are compared among Chocé (CHO) and
other New World African populations: ACB from Barbados in the Caribbean and ASW from the United States. (A) Native
American ancestry and (B) admixture distributions for the three new world African populations; average values are shown

for each distribution.

ual is 62.8%, and the average European ancestry is
13.1%. The maximum fraction of Native American
ancestry is 39.6%, and the average Native American
ancestry is 11.1%. The broad range of individual
admixture percentages point to the diversity of the
Choco population.

The genetic ancestry of the population of Choco
shows some interesting differences compared to the
genetic ancestry of the two other New World African
populations analyzed here, the ACB population from
Barbados in the Caribbean and the ASW population
from the USA, despite the fact that all three popu-
lations show similarly high levels of overall African
ancestry (~75-80%). First of all, the Choco popula-
tion (CHO) has substantially higher levels of Native
American ancestry compared to the Afro-Caribbean
(ACB) or African-American (ASW) populations
(Figure 3A). Choco has 11.1% average Native Amer-
ican ancestry, whereas the Afro-Caribbean and Afri-
can-American populations have 0.4% a 1.1% average
Native American ancestry, respectively. Second, the
Choco population shows higher levels of three-way
genetic admixture, as measured by Admixture entropy
(H), compared to the other two New World African
populations (Figure 3B). This reflects the fact that in
Choc¢ the non-African ancestry component is rela-
tively evenly divided between European and Native
American ancestry, whereas almost all non-African
ancestry in the Caribbean and US populations is
European. This pattern is indicative of longer and

more sustained contact between Afro-descendants
and Indigenous communities in Chocé compared to
what occurred in the Caribbean or the United States.

Sex-specific genetic ancestry. Mitochondrial
DNA (mtDNA) and Y-DNA chromosomes are re-
ferred to as uniparental ancestry markers since they
are inherited strictly along the maternal (for mtDNA)
and paternal (Y-DNA) lineages. This means that mtD-
NA haplotypes can be used to infer female-specific
ancestry and admixture, and Y-DNA haplotypes can
be used to infer male-specific ancestry and admixture.
The global origins of the mtDNA and Y-DNA hap-
lotypes characterized from the population of Choco
show striking evidence of sex-specific ancestry in
this population (Figure 4). The majority of mtDNA
(82.1%) and Y-DNA (77.8%) haplotypes have African
origins, consistent with the overall genetic ancestry
of the population. However, the non-African ancestry
components differ markedly for the female (mtDNA)
versus male (Y-DNA) lineages. All of the non-African
mtDNA haplotypes (17.9%) have Native American
origins, whereas all of the non-African Y-DNA hap-
lotypes have European (16.7%) or Middle Eastern
(5.6%) origins. This sex-specific pattern of genetic
ancestry may be linked to the unique historical con-
ditions under which the state of Choc6 was founded
and populated (Wade 1995).

Genetic diversity levels in Choco. As previously
noted, based on its distinct population demographics,
we propose that the state of Choco is a rich source of
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Figure 4. Sex-specific ancestry and admixture in Chocé.
(A) Relative counts of African (blue), Native American
(red), European (orange) and Middle Eastern (brown)
mtDNA (maternal) and Y-DNA (paternal) haplotypes from
the population of Choco.

human biodiversity. To evaluate this proposition with
respect to the genetic ancestry of the population, we
compared the genetic diversity levels found in Chocd
to levels of diversity seen for putative ancestral,
non-admixed populations as well as other admixed
American populations. The results of this analysis
are shown in Figure 5. We evaluated genetic diver-
sity in two ways: 1) via the overall scope of genetic
distances between individuals in a population and 2)
via the average genome-wide heterozygosity levels
for all individuals in a population. The overall genetic
diversity for each population was inferred by fitting a
minimal spanning ellipse to the populations’ pairwise
genetic distance projection on the PCA plot (Figure
5A). The areas of the population-specific minimum
spanning ellipses were then determined and used to
quantify the populations’ genetic diversity (Figure
5B). The Chocdé population (CHO) has the highest
level of overall genetic diversity calculated in this
way for any of the populations analyzed here. The
Choc6 population also has high average heterozygos-
ity levels compared to the other populations, second
only to the other New World African population
ASW (Figure 5C). Interestingly, the other admixed
Colombian population from Medellin (CLM) also
shows relatively high genetic diversity levels in these
analyses despite the fact that it has a very different
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genetic ancestry profile (i.e., largely European ances-
try) compared to the population of Chocé.

Conclusions

The ChocoGen collaborative research project has
the joint aims of 1) characterizing the ancestry and
genetic diversity of the population of Choco, and 2)
creating a genetic health profile of the population
based on the diversity of its people. Investigators
from UTCH and the Georgia Institute of Technology
are collaborating to these ends, and this manuscript
reports some of the first results of the project. The
initial phase of the project is focused on ancestry
analysis, and the results from this first phase will be
used to inform the second health-related part of the
effort. All of this work is being done in such a way
as to develop the local human capacity for research
in genetic ancestry and human health in the state of
Chocbd.

The analyses reported here indicate that the
population of Choc6 has an overwhelmingly African
genetic ancestry, which is of course not surprising.
Nevertheless, the Choco population shows interesting
differences, compared to other admixed American
populations with similar levels of African ancestry,
which likely reflect its distinct historical and cultural
traditions (Wade 1995). In particular, individuals
from Choco show higher levels of three-way genetic
admixture than other New World African populations,
and this pattern can be largely attributed to the higher
levels of Native American ancestry seen in Choco.
The population of Choco also shows striking pat-
terns of sex-specific ancestry, whereby non-African
maternal ancestry is exclusively Native American,
and non-African paternal ancestry is almost entirely
European. This ancestry pattern may represent dis-
tinct admixture dynamics that characterized early
(European admixture) from later (Native American
admixture) historical periods in Choco, and we plan
to explore this idea further in subsequent studies.

Finally, the results on genetic ancestry and diver-
sity obtained in this study underscore the extent to
which Choc6 represents a hotspot of human biodiver-
sity. We hold that the human biodiversity of Choc6
is an under-appreciated dimension of the area’s well
known biodiversity, and one that should be equally
valued and fully developed for its potential.
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Figure 5. Genetic biodiversity in Chocé. (A) PCA plot
showing the genetic relationships among individuals from
the different human populations analyzed here (as shown
and described for Figure 1), with each population bounded
by a minimum spanning ellipse. (B) Scaled areas of the
population-specific minimum spanning ellipses are used
to quantify the overall genetic diversity of each population.
(C) Distributions of the genome-wide heterozygosity
values are shown for the populations analyzed here;
average values are shown for each distribution.
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